An LC-DAD-ESI-MS n technique was developed to investigate crude extracts of the stem bark of S. guineense for phenolic compounds. Ellagic acids were detected on the basis of their UV absorption spectra and ESI-MS fragmentation patterns. Six ellagic acid conjugates in the complex extract of S. guineense were identified. With the aim to confirm the structures, further purification of the extract afforded the known 3-O-ellagic acid-4'-O-α-rhampyranonosides (3), two new ellagic acid rhamnopyranosides, 3-O-methylellagic acid-4'-O-α-2"-O-acetylrhamnopyranoside (4) and 3-O-methylellagic acid-4'-O-α-3"-O-acetylrhamnopyranoside (6). The structures were identified on the basis of 1D-and 2D-NMR, IR, and UV spectroscopic and mass spectrometric data. The HMBC and NOESY data of these compounds were most useful for determination of their structures. Radical scavenging activities were evaluated in the 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay. Compounds 3, 4 and 6, with IC 50 values of 6.1 ± 0.5, 5.8 ± 0.4, and 6.2 ± 0.4 μM, respectively were as active as ellagic acid (1) (IC 50 = 4.9 ± 0.3 μM) and more active than catechin (IC 50 =10.8 ± 0.3 μM).
The genus Syzygium is one of the 75 genera (3000 species) belonging to the Myrtaceae family and is native to the tropics, particularly of tropical America and Australia [1] [2] . Plants of this family are known to be rich in volatile oils that are noted for their uses in the medical and perfumery industries [3] . This genus is reported to be a source of antioxidants, antiinflammatory and antiviral agents, and a skin-tumor promoter inhibitor [4] [5] [6] [7] [8] [9] . Moreover the fruits of Syzygium guineense (water pear) are used in folk medicine for the treatment of dysentery and the bark for diarrhea [10] [11] [12] . In the course of our search for new and active compounds from plant extracts [13] , several plants from the Myrtaceae were screened for their antioxidant properties [14] . Two new ellagic acid acetylrhamnosides (4, 6) , along with the known 3-O-methylellagic acid-4'-O-α-rhamnoside (3) were isolated from the methanolic extract of the stem bark of S. guineense. Furthermore, an LC-DAD-ESI-MS n method was developed allowing a rapid identification of ellagic acid derivatives in crude extracts. We present here the isolation, structural elucidation and radical scavenging activity of compounds 3, 4, and 6 in the 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical assay [15] [16] , and the LC-MS n method for identification of ellagic acid derivatives.
Six ellagic acid derivative peaks (1-6) were recognized by HPLC, based on UV spectra and m/z values of deprotonated molecules [M-H] - (Table 1) . According to previously reported data [17] , the mass spectrum of ellagic acid shows a pseudomolecular ion at m/z 301, and MS 2 fragments at m/z 257 [M-H-CO 2 ] and 229 [M-H-CO 2 -CO]. Compounds 2-6 showed commune ion daughters related to ellagic acid through their MS 2 and MS 3 spectra. Monitoring the base peaks of ellagic acid and derivatives from the whole extract chromatogram ( Figure 1 ) showed three signals (4, 5 and 6) at m/z 503 with similar fragmentation, suggesting the presence of regioisomers in the extract. Successive loss of acetic acid, deoxyhexose and a methyl group gave a fragment signal at m/z 300 [504-H-acetic aciddeoxyhexose-methyl] -. With the aim to confirm the hypothesis of such structures, the air-dried stem bark of S. guineense was extracted with CH 2 Cl 2 -MeOH (1:1). The extract thus obtained was dissolved in water and successively partitioned with n-hexane, EtOAc and n-BuOH. Thin-layer bioautography assay showed that only the n-butanol extract possessed antioxidant activity and had the same LC-UV chromatogram profile as the crude extract. Successive column chromatography of this extract on Sephadex LH-20, followed by silica gel and RP-18 columns yielded ellagic acid rhamnopyranoside (3) and two new ellagic acid acetylrhamnopyranosides (4 and 6).
The physicochemical properties of 3, 4 and 6 were very similar. The IR absorptions suggested the presence of an α, β unsaturated lactone (1740 cm -1 ) and a hydroxyl group (3380 cm -1 ). The UV spectra of these compounds were almost identical, indicating the presence of the same chromophores. and five oxygenated methine protons were observed, along with a doublet methyl signal (δ H 1.13; J = 6.2 Hz), indicating the presence of one sugar. Moreover, the glycoside was determined as rhamnose through analysis of the chemical shifts and coupling constants of its proton signals, which were connected in the 1 H-1 H COSY spectrum. The anomeric proton signal appeared as a doublet at δ H 5.47, attributed from a small coupling constant of 1.4 Hz to an αconfigurated anomeric proton. The IR and 1 H NMR spectroscopic results correlated with the data reported by Yoshikazu [18] . We report here, for the first time, the 13 C NMR data and the 2D NMR attribution. The 13 C NMR spectrum of 3 exhibited 21 carbon signals ( Table 2) , with two overlapping ester carbons at δ C 159.6 and 159.7 due to α, β-unsaturated lactones, four quaternary aromatic carbons, two isolated aromatic methine carbons at δ C 112.2 and 112.7, one methoxyl carbon at δ C 61.8 and five oxygenated methines, along with a methyl carbon at δ C 18.7, due to a rhamnose moiety.
The rhamnose position and the structure of 3 were established through pulse field gradient HMBC spectral data ( Figure 2 ). 1 H-13 C long-range correlations were observed between the methoxyl protons (δ H 4.03) and C-3 (δ C 140.9), the aromatic proton H-5 (δ H 7.53) and the lactone carbonyl atom C-7 (δ C 159.7), and the quaternary carbon C-1 (δ C 113.9) and the oxygenated aromatic carbon atoms C-3 (δ C 140.9) and C-4 (δ C 153.5). The aromatic atom H-5' (δ H 7.69) correlated with the lactone carbonyl atom C-7' (δ C 159.6), and the quaternary carbon atoms C-1' (δ C 115.2), C-4' (δ C 147.5) and 170.8
CO-3"
170.9
C-3' (δ C 142.7). In the sugar moiety, the 1 H-13 C longrange correlation from the anomeric proton (δ H 5.47) to C-4' (δc 147.5) indicated that the sugar was attached to C-4'-O of the aglycone. In the NOESY experiment, a correlation between the anomeric proton H-1" and the aromatic proton H-5' of the ellagic acid confirmed this position. This interaction is only observed when the sugar residue is glycosidically linked at C-4' [19] . Thus, the structure of compound 3 was determined as 3-O-methylellagic acid-4'-O-α-rhamnopyranoside.
The negative ESI-MS spectrum of 4 showed an ion at m/z 503 [M-H] -, which resulted in a chemical composition of C 23 H 19 O 13 , while the 1 H, 13 C NMR, HMQC and HMBC spectral data were the same as for 3 in the aglycone region, indicating that the aglycone of 4 is 3-O-methylellagic acid. However, the sugar spectral data were different. The 1 H NMR spectrum of 4, in the sugar region, showed six signals due to methine protons, a methyl group and an acetyl group.
The position of the acetyl group was determined by analysis of the chemical shift values of four methine protons and mostly by the 1 H-13 C long-range correlations in the HMBC spectrum ( Figure 3 ). There The free radical scavenging abilities of the isolated compounds were evaluated using the 1,1-diphenyl-2picrylhydrazyl (DPPH) assay [15] [16] . Compounds 3, 4 and 6 showed potent antioxidative activity, with IC 50 values of 6.1 ± 0.5, 5.8 ± 0.4 and 6.2 ± 0.4 μM, This is the first report of compounds 3, 4, 5 and 6 from the Syzygium genus and from a natural source, although ellagic acid derivatives are well known in the Myrtaceae family, having been reported for the genus Eucalyptus [18] [19] [20] . In this study we report a qualitative analytical method for a rapid identification of ellagic acid derivatives from the bark of S. guineense. This procedure is useful for detection of this class of compound in other extracts.
Regarding the antioxidant activity, ellagic acids are well known as being radioprotective. Methylellagic acid-3'-O-rhamnopyranoside was reported to have a slightly weaker activity than α-tocopherol, using the thiobarbituric acid method and rat liver microsomes [20] . To our knowledge, this is the first report of radical scavenging activities of ellagic acid derivatives substituted in position 4'.
Experimental
General experimental procedures: Fractionation and purification of extracts were performed on columns of Sephadex LH-20, silica gel 60 (Brunschwig, 32-63) A° and silica RP-18 (Biomedicals, 32-63, 60) A°. Optical rotations were obtained on a Perkin Elmer 241 polarimeter. The UV spectra were recorded on an Ultrospec 4000 UV/visible spectrophotometer. IR spectra were measured on a Perkin Elmer FT-IR spectrometer, Paragon 1000. Melting points were determined on a Buchi 510 melting point apparatus and are uncorrected. HRMS were recorded on a Bruker FTMS 4.7T, BIOAPEXII. LC-MS analyses were performed on an Agilent 1100 LCMSD Trap using the ESI source in negative ionization mode. The 1D-NMR spectra were recorded on a Bruker AMX-400 Spectrometer, and the 2D-NMR spectra on a Bruker Avance 600 in DMSO-d 6 . Chemical shifts are given in δ from TMS. Commercial ellagic acid and catechin were purchased from Fluka (Sigma, Switzerland).
Plant material and extraction:
The stem bark of Syzygium guineense was collected in August 2002 in Fongo-Tongo Menoua subdivision in western Cameroon. The plant material was identified by Dr. Satabier, former Director of the National Herbarium of Cameroon. Voucher specimens were deposited at the National Herbarium (Yaoundé, Cameroon).
The bark was dried at room temperature, ground to a powder and extracted with CH 2 Cl 2 -MeOH (1:1) for one day. After filtration, the solvent was removed under vacuum. Extraction of 1 kg of dried plant material yielded 100 g (10%) of crude extract, 80 g of which was dissolved in water and partitioned with n-hexane, ethyl acetate (EtOAc) and n-butanol (n-BuOH). The solvent of all three fractions were removed to yield 10 g (12.5%) of n-hexane extract, 8 g (10%) of EtOAc extract, and 25 g (31.2%) of n-butanol extract.
HPLC analysis:
This was performed using a methanol gradient in water with acetic acid as modifier. A Hewlett Packard 1100 HPLC system, equipped with a binary pump, was used with a photodiode array spectrophotometer detector and coupled to an Agilent 1100 series LC/MSD Trap instrument equipped with an electrospray ionization source, all controlled by the Agilent Chemstation software. HPLC analysis of 10 μL of crude extract (at the concentration of 5 mg/mL) was performed on a Machery-Nagel (Düren, Germany) Nucleosil C-18 column (250 nm x 4.6 id, 7 µm) protected by a precolumn of the same material. Gradient elution was performed by varying the proportion of solvent A (H 2 O/acetic acid, 99/1, v/v) and solvent B (MeOH). Starting at 30% of solvent B for two min, the proportion was programmed to reach 60% at 20 min, 100% at 40 min and solvent B was maintained at 100% for another 5 min. The flow rate was set to 1mL/min and detection to 254 nm and 320 nm. For negative ionization mode ESI/MS analysis, the pressure of the nebulizer was set at 50 psi, dry gas flow at 8 mL min -1 and the temperature of the drying gas (N 2 ) at 300°C. The capillary voltage was 2000 volts. The voltage of the skimmer lens and the entrance lens in the ion source were automatically optimized by direct inlet of a solution of ellagic acid (at a concentration of 1 μg. 
Antioxidant activity:
The antioxidant activities of the crude extract and the pure compounds were assessed on the basis of the radical scavenging effect of the stable DPPH. One mL of 100 μM DPPH in ethanol was added to 10 mL of sample solutions at different concentrations and allowed to react at room temperature. After 30 min, the absorbance values were measured at 517 nm using a spectrophotometer and converted into the percentage of antioxidative activity (AA) using the following formula [15] [16] : AA% = 100-{(Abs sample -Abs blank ) x 100/ Abs control } Sample solution (10 μL) in ethanol (1 mL) was used as blank, a solution of DPPH (100 µL) in ethanol (1 mL) was used as negative control, and catechin was used as positive control. The IC 50 value is defined as the concentration of the test sample required to scavenge 50% DPPH free radicals. 
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